28 SYNOVIAL BUT NOT CARTILAGE VOLUMES ON MRI PREDICT RADIOGRAPHIC SEVERITY OF KNEE OA  by Krasnokutsky, S. et al.
Osteoarthritis and Cartilage Vol. 15, Supplement C C29
27
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EDEMA STATUS AT BASELINE AND AT 30-MONTHS
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Purpose: It has been shown that increasing bone marrow lesions
(BMLs) in osteoarthritis (OA) are a predictor of cartilage loss. It is
not known if incident and progressive BMLs exhibit a different risk
of follow-up (FU) cartilage loss at 30 months when compared
to stable BMLs. The risk of cartilage loss in subregions of
regressing BMLs to date has not been investigated. It is further
not known if cartilage loss at FU is associated with baseline (BL)
BML volume. Hence, we examined the association of BL and
30-months FU subchondral bone marrow edema status with risk
of cartilage loss in the same subregion at FU.
Methods: The MOST study is a longitudinal observational mul-
ticenter study of OA including subjects with radiographic/clinical
OA or being at risk of developing it. All patients with available
BL and 30-months FU MRIs were included. The study popula-
tion was subdivided concerning BL and FU BML status in knee
subregions: 1. No BML at BL and at FU 2. No BML at BL and
incident BML 3. Prevalent BML at BL and decrease of BML 4.
Prevalent BML at BL and increase of BML 5. Prevalent BML at
BL and no change in BML. The latter subgroup was chosen as
the reference group for analysis.
The MRI protocol included triplanar proton-density weighted fat-
suppressed FSE sequences. MRI was performed at a 1.0 T
extremity system (ONI, OrthOne™. Subchondral BML volume
was scored semi-quantitatively from 0 to 3 in 14 subregions of
the knee. Cartilage was scored from 0 to 6 in the same subre-
gions. A logistic regression model was applied for correlations
of BML status at BL and FU with cartilage status at 30 months.
Any cartilage score change ≥0.5 was deﬁned as increase. Ad-
justment was performed for age, sex and BMI.
A subanalysis by BML volume at baseline was performed to
determine its predictive value concerning cartilage loss at 30
months.
Results: 413 knees were included and 5309 subregions ana-
lyzed. 440 BMLs were observed in a subregion at baseline. Out
of these 34.3% did not change, 49.8% showed regression and
15.9% showed progression. 281(6.0%) subregions in the absent
BML group, 101(55.4%) in the incident BML group, 62(28.3%) in
the decreasing BML group, 36(51.4%) in the progressive BML
group and 41(27.1%) in the stable BML group showed progres-
Abstract 27 – Table 1. Association of BML status at BL and 30-months follow-up with risk of cartilage loss at FU
BML status at baseline and 30-months follow-up in subregions
No BMLs at baseline Pre-existing BMLs at baseline
Cartilage status at 30-months No BML at follow-up Incident BMLs Decrease and regression of BMLs Progression of BMLs Stable BMLs
follow-up in subregions (N=4687) (N=182) (N=219) (N=70) (N=151)
Increase in cartilage score, N (%) 281 101 62 36 41
(≥0.5 worsening of cartilage grade) (6.0) (55.4) (28.3) (51.4) (27.1)
Adjusted OR of cartilage loss 0.2 3.5 1.0 2.7 1.0
[95% conﬁdence intervals] [0.1, 0.3] [2.1, 6.0] [0.6, 1.6] [1.4, 5.0] [Reference]
Abstract 27 – Table 2. Association of baseline BML volume and risk of cartilage loss at 30-months follow-up
Baseline BML volume score
Cartilage status at 30-months follow-up in subregions 0 (N=4873) 1 (N=334) 2 (N=75) 3 (N=31)
Increase in cartilage score, N(%) 382 (7.84) 100 (29.94) 25 (33.33) 14 (45.16)
Adjusted OR of cartilage loss [95% conﬁdence intervals] 1.0 [Reference] 2.9 [2.0,4.2] 4.6 [2.4, 8.8] 14.2 [6.7, 29,9]
sive cartilage loss at FU. The adjusted odds ratios (ORs) [95%
conﬁdence intervals] of progressive cartilage loss at FU for the
respective groups were 0.2 [0.1,0.3], 3.5 [2.1,6.0], 1.0 [0.6,1.6]
and 2.7 [1.4,5.0] with the group with stable BMLs as a reference
(Table 1).
382 (7.8%) subregions in the group with no BML at BL showed
cartilage loss at FU, 100 (29.9%) in the group with a BL grade 1
lesion, 25 (33.3%) with a BL grade 2 lesion and 14 (45.1%) with
a BL grade 3 lesion. The adjusted ORs were 2.9 [2.0,4.2], 4.6
[2.4, 8.8] and 14.2 [6.7, 29,9] compared with the group with no
BMLs at BL as a reference (Table 2).
Conclusions: Contrary to published data, a majority of pre-
existing BMLs showed decrease in volume at 30-months FU.
Regressing and stable BMLs exhibit the same risk of progressive
cartilage damage at FU. Progression and incidence of BMLs
is highly associated with progressive cartilage damage, while
incident BMLs exhibited the highest risk. Absence of BMLs
proved to be cartilage-protective. The risk of cartilage damage
at FU is directly associated with BML volume at BL.
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Purpose: To evaluate the potential use of 3T MRI in knee OA for
correlating semi-quantitative synovial and cartilage volumes with
severity by radiographic ﬁndings
Methods: 44 OA patients (mean age 61± 10, mean BMI
27.4±3.3, 56% female) fulﬁlling ACR criteria for knee OA were
recruited as part of an NIH OA Biomarkers Network funded
project. These patients are being followed longitudinally for pro-
gression of knee OA over a period of 2 years, and WOMAC
pain scores were calculated at the time the imaging studies
were performed. Standardized semi-ﬂexed radiographs were
scored for overall Kellgren and Lawrence (KL) grade, osteo-
phytes, joint space width (JSW) and subchondral sclerosis by
the same radiologist. Dynamic 3T MRI was performed before
and after contrast agent Gd-DTPA 0.2mg/kg (double dose). Syn-
ovial volume was evaluated with slice thickness=5mm, receiver
bandwidth=200Hz/pixel, TR/TE=12ms//3.9ms TE, Flip angle=60,
in the sagittal plane. The cartilage volume was quantitated
using T1-weighted 3D-ﬂash sequence with water excitation,
FOV=15x15 cm, Matrix=512x384, slice thickness=1.5mm, re-
ceiver bandwidth=200Hz/pixel, TR/TE=25ms/4ms, Flip angle=25,
in the sagittal plane.
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Results: As expected, early OA based on KL score (KL1 and 2),
did not correlate with loss of cartilage volume (femoral, patellar
and tibial regions) on MRI. However, in advanced OA patients,
increased loss of tibial cartilage volume correlated with overall
KL score (nearing signiﬁcance p<0.08) but not with the osteo-
phyte scores (r=0.03, p>0.58) or with JSW (r=0.072, p>0.09)
alone. Furthermore, we also observed signiﬁcant correlation of
subchondral sclerosis by radiography with KL score (r=0.56,
p<0.005) in a multivariate analysis. When shifting focus to syn-
ovial volume, which consists mostly of proliferative synovial tissue
but also some ﬂuid, we found a consistent association between
this volume and increases in KL scores (p<0.001). In addition, in-
creased synovial volumes also correlated speciﬁcally with higher
radiographic osteophyte scores (r=0.242, p<0.01) and inversely
correlated with smaller medial JSW (r=-0.159, p<0.013). Finally,
we found that the WOMAC pain score did not correlate with any
of the radiographic or MRI ﬁndings.
Conclusions: Our data indicate that synovial disease, as re-
ported by MRI, is a characteristic feature of progressive OA
which correlates with both osteophyte formation and joint space
narrowing. In contrast, loss of cartilage volume by MRI is not
similarly predictive. Early screening for synovial changes by MRI
could identify patients at risk for progressive disease.
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Purpose: Magnetic resonance imaging (MRI) of articular carti-
lage is becoming increasingly important due to the development
of new surgical therapies for cartilage repair. A diversity of differ-
ent techniques needs to be validated particularly as in different
clinical follow-up studies the qualitative results vary. Recently
multiparametric maps are used in MRI to assess biochemical
composition of cartilage. In animal studies T2 mapping helped
differentiate hyaline cartilage from ﬁbrocartilage after cartilage
repair. Therefore in our study two cartilage repair techniques,
Microfracture (MFX), a simple one-stage arthroscopic technique
showing good clinical results, however the repair tissue has been
reported ﬁbrocartilage and a new generation of matrix-associated
autologous chondrocyte transplantation (MACT), which shows
good to excellent clinical results with the formation of hyaline or
hyaline-like repair tissue, were compared by means of MR T2
mapping to quantify the reconstitution of articular cartilage.
Methods: The study had institutional review board ap-
proval; informed consent was obtained from each pa-
tient. Twenty patients treated with MFX or MACT (ten in
each group) were enrolled. For comparability patients of
each group were matched by age (MFX:40.0±15.4years;
MACT:41.0±8.9years) and post-operative interval (MFX:28.6±
5.2months; MACT:27.4±13.1months). MRI was performed on
a 3 Tesla MR scanner and T2 maps were calculated from a
multi-echo spin echo(SE) measurement. Quantitative mean T2
values were calculated within the cartilage repair area and within
cartilage sites seen as morphological normal articular cartilage.
Additionally taking the zonal organisation into consideration, re-
gions of interest were subdivided into deep, middle and superﬁ-
cial areas. Differences between cartilage sites and groups were
calculated by analysis of variance using a three way ANOVA.
Results: Quantitative T2 assessment of native hyaline cartilage
showed similar results for all patients. Healthy cartilage areas in
patients who underwent MACT showed similar mean T2 values
of about 55 ms in all patients. The cartilage repair area in patients
after MACT showed comparable T2 values of 56.4±9.6 ms (p ≥
0.05). After MFX however we found signiﬁcant reduced mean T2
values with 47.3±10.3 ms (p < 0.05).
Concerning zonal variation, Quantitative T2 in healthy control
cartilage showed a highly signiﬁcant trend in increasing T2 values
from deep to middle to superﬁcial zone (p<0.001). Repair tissue
after MFX showed no signiﬁcant trend between different depths
(p=0.847) in contrast to repair tissue after MACT where a slightly
signiﬁcant increase from deep to superﬁcial zone (p=0.045) could
be observed.
Conclusions: Our results demonstrate the feasibility of quan-
titative T2 mapping as a follow-up of different cartilage repair
techniques. Reported arthroscopically gained histological biop-
sies in follow up examinations showed more hyaline cartilage
after MACT and more ﬁbrocartilage after MFX.Underlying this
assumption, T2 relaxation time measurements, in our study,
seem to be sensitive to cartilage reorganisation in repair tissue
and may allow differentiating between ﬁbrous and hyaline repair
tissue. Further investigations on larger patient groups in compar-
ison with clinical outcome will show the possible clinical beneﬁt
of these techniques as predictive value.
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Purpose: Osteoarthritis (OA) is characterized by damaged ar-
ticular cartilage but also by changes in the subchondral bone
located directly underneath the cartilage. Previous work has
shown that mice lacking aggrecanase-2 (ADAMTS5), an enzyme
able to cleave aggrecans, were protected from cartilage damage
induced by joint instability. In this study we analyzed whether
this protective effect on cartilage might also be reﬂected in the
structure of the subchondral bone.
Methods: In right knee joints from 10-week old male WT and
ADAMTS5-/- mice joint instability was induced by transection of
the medial meniscotibial ligament, whereas left knee joints were
left unoperated. After eight weeks the mice were sacriﬁced and
the knee joints were scanned in a micro-CT apparatus (Skyscan
1072, Skyscan, Aartselaar, Belgium). The tibial epiphysis was
selected for further analysis.
The subchondral bone plate and trabeculae were separated
using in-house developed automated software, and trabecular
architecture was analyzed by measuring the following morpho-
metric parameters: bone volume fraction (BV/TV), trabecular
thickness (Tb.Th.), trabecular spacing (Tb.Sp.), trabecular num-
ber (Tb.N.), connectivity density (CD) and structure model index
(SMI). The thickness of the subchondral bone plate (in µm) was
measured using the same algorithm as used for determining
Tb.Th. A subset (0.5 mm medio-lateral width, 1.0 mm ventro-
dorsal length) of the weight-bearing region at the medial and
lateral side of the tibial plateau was taken as region of inter-
est.Histology was performed to evaluate cartilage damage using
a modiﬁed version of the mouse scoring system by Chambers
et al., where a score of 0 represents normal cartilage and 6
represents severe loss of articular cartilage. Histological scores
